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I /WE CLAIM: 



2 . 



3 . 



A digital frequency detector for detecting a 
difference between la frequency of an oscillator 
output signal and a ^frequency of a data signal, the 
digital frequency detector comprising: 

a) first digital sample means for sampling the 
oscillator output signal at a timing of the data 
signal to generate la first beat signal; 

b) second digital sample means for sampling a 
quadrature clock siignal at a timing of the data 
signal to generate a second beat signal; and 

c) third digital samptLe means for sampling the 
second beat signal at a timing of the first beat 
signal to generate a ^frequency error signal. 

A digital frequency detedtor as claimed in claim 1, 
wherein a frequency of tha quadrature clock signal is 
substantially identical tp that of the oscillator 
output signal, and a phase difference between the 
quadrature clock signal and the oscillator output 
signal is between about 45° land 135°. 

A digital frequency detector as claimed in claim 2, 
wherein a phase difference! between the quadrature 
clock signal and the oscillator output signal is 
about 90°. \ 

A digital frequency detector las claimed in claim 1, 
wherein the first sample means! comprises : 

a) a first pair of digital latch circuits 
respectively adapted to sample the oscillator 
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output signal c^i rising and falling edges of the 
data signal; and 

a first multiplexor adapted to selectively switch 



between respect 
digital latch ci 
signal . 



ve outputs of the first pair of 
rcuits on transitions of the data 



A digital frequency 
wherein the second s 



a second pair 
respectively 
clock signal on 
data signal; and 



detector as claimed in claim 1, 
ample means comprises: 

of digital latch circuits 
adapted to sample the quadrature 
rising and falling edges of the 



a second mult 
switch between 
pair of digital 
the data signal. 



A digital frequency 
wherein the frequency 
signal comprising a 



ipl 



exor adapted to selectively 
spective outputs of the second 
latch circuits on transitions of 



re 



detector as claimed in claim 1, 
error signal is a differential 
omplementary pair of first and 
second error signals,! a difference between values of 
the first and second error signals indicating a 
frequency difference! between the recovered clock 
signal and the data siJgnal. 



A digital frequency detector as claimed in claim 6, 
wherein the third sample means comprises: 

a) a first digital Elip-flop circuit adapted to 
sample the second beat signal on rising edges of 
the first beat signal; 
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b) a second digita 



c) 



flip-flop circuit adapted to 
sample the second beat signal on falling edges of 
the first beat s:.gnal; 

a first logic gate adapted to output the first 
error signal when both the first beat signal and 

first digital flip-flop circuit 
high level; and 



an output of the 
are at a logical 



d) 



a second logic gate adapted to output the second 
error signal whei the first beat signal is at a 

;1 and an output of the second 
digital flip-flo|? circuit is at a logical high 
level . 



uppl 



detector as claimed in claim 7, 
simple means further comprises a 
adapted to delay the first beat 
to the second beat signal by a 
period, whereby a delayed first 
ied to the first and second 
trcuits and the first and second 



A digital frequency 
wherein the third s 
digital delay circuit: 
signal with respect 
predetermined delay 
beat signal is s 
digital flip-flop ci 
logic gates. 

A digital frequency Jietector as claimed in claim 8, 
wherein the predetermined delay period is 
sufficiently long to permit the second beat signal to 
settle at respective (inputs of the first and second 
digital flip-flop cirquits. 



10. A digital frequency detector as claimed in claim 9, 
wherein the predetermined delay period is less than a 
period of the oscillator output signal. 
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A digital frequency detector as claimed in claim 1, 
further comprising data-lock indicator means for 
generating a lock-indicator signal indicative of a 
frequency-lock condition between the oscillator 
output signal and the data signal. 



12. A digital frequency detector as claimed in claim 11, 
wherein the data lock 4 n< 3icator means comprises: 

a) frequency counterl means for quantitatively 
determining a frequency difference between the 
oscillator output slignal and the data signal, and 
adapted to generate a threshold indicator signal 
indicative of whether the frequency difference is 
greater or less th^n a predetermined threshold; 
and 

b) a state machine adapted to debounce the threshold 
indicator signal to\ generate the lock- indicator 
signal . 



13. A digital frequency detector as claimed in claim 12, 
wherein the frequency counter means comprises: 

a) a counter for counting, during a predetermined 
sample period, a numbler of transitions of either 
one of the second be^t signal and a third beat 
signal ; 

b) comparing means for comparing the counted number 
of transitions to a predetermined limit value, 
and for generating the Ithreshold indicator signal 
indicative of a result pf the comparison; 

the predetermined threshold being defined as a 
function of the predetermined sample period and the 
predetermined limit value, 
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14. A digital frequency 



ietector as claimed in claim 13 , 



wherein the third be^t signal is generated by a third 
multiplexor adapted to alternately select respective 
outputs of a pair ofl digital flip-flop circuits at a 
timing of transitions of the first beat signal, the 
pair of digital flipi-flop circuits being adapted to 
sample the second beat signal on respective rising 
and falling edges of nhe first beat signal. 

15. A digital frequency detector as claimed in claim 13, 
wherein the comparing means is adapted to generate a 
value of the threshold!- indicator signal indicative of 
an in-lock condition when the counted number of 
transitions is less than the predetermined limit 
value, and is adaptea to generate a value of the 
threshold-indicator signal indicative of an 
out-of-lock condition when the counted number of 
transitions is equal! to or greater than the 
predetermined limit vallue . 



16. A digital frequency detiector as claimed in claim 15, 
wherein the sample perjiod is adjustable to control 
the threshold value. 

17. A digital frequency detictor as claimed in claim 14, 
wherein the counter means comprises: 

a) a first digital edge! detector circuit responsive 
to the third multiplexor to generate an enable 
signal at a timing corresponding to transitions 
of the third beat sigmal; 

b) a second digital edge Idetector circuit adapted to 
generate a reset signaLL at a timing corresponding 
to transitions of a sample clock; and 
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a digital counter circuit adapted to count cycles 
of the enable signal and to generate a pulse 
count signal indicative of the number of pulses 
of the enable signal counted between reception of 
consecutive pulses lof the reset signal. 



A digital frequency det. 
wherein the comparing 
detector adapted to c 
pulses to the predet 
generate the threshold- 
whether the number o 
predetermined sample p 
the predetermined limit 



wherein the comparing n 
adapted to sample the 



ector as claimed in claim 17, 
means comprises a magnitude 
ompare the counted number of 
rmined limit value, and to 
indicator signal indicative of 
pulses counted during the 
riod is greater or less than 
value . 



A digital frequency de :ector as claimed in claim 18, 



eans further comprises a latch 
comparison signal at a timing 
of the predetermined sample period to generate the 
lock-indicator signal . 



20. A digital frequency detlector as claimed in claim 12, 
wherein the state machine is adapted to: 

a) sample successive ^alues of the lock-indicator 
signal ; and 

i) transition to ajDVIL state when a density of 
sampled values Ipf the lock- indicator signal 
indicative of 1 an out-of-lock condition 
exceeds a predetermined density tolerance; 
and 



ii) transition to 
predetermined m 



a DVIH state if a 
>er of consecutive sampled 
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values of the lock-indicator signal are 
indicative of an in-lock condition. 



A digital frequency 
wherein the 



predetermined 



detector as claimed in claim 20, 
density tolerance is 50%. 



A digital frequency 
wherein the prede 



de|tector as claimed in claim 20, 
termiiied number is 1. 



A digital frequency d€: 
wherein the data loc 



lock- indicator signal 
time, in relation to t 



tector as claimed in claim 11, 
indicator means is a fixed 



window phase lock indicator adapted to generate the 



on a basis of a proportion of 
he predetermined sample period, 
for which the second tj> eat signal is at a logical-low 
level 

A digital frequency ddtector as claimed in claim 23, 



wherein the 
comprises : 



a) means for generati 



fixed window phase lock indicator 



ng a reset signal at a timing 



of the predetermine^ sample period; and 
b) an N-bit counter adkpted to: 

i) count bits of Ithe oscillator output signal 
while the seiond beat signal is at a 
logical- low lev.el, and accumulate the count 
in an N-bit counter; 

ii) generate an over-flow, signal indicative of 
an over-flow stalte of the N-bit counter; and 

iii) reset a counted Inumber of bits to zero upon 
receipt of the reset signal. 
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25. A digital frequency dltector as claimed in claim 24, 
wherein the means f Dr generating a reset signal 
comprises a 2 M frequency divider adapted to generate 
the reset signal by frequency-division of the 
oscillator output sigral. 



26 



27 



A digital frequency 
wherein values of N 
desired noise- re jecti 
indicator means . 



det 



ector as claimed in claim 25, 
and M are selected to provide 
properties of the data lock 



ion 



A digital frequency 
wherein the fixed 
adapted to assert 
signal indicative of 
value of the over- 
N-bit counter is in 
assert a value 
indicative of an in 



28. A digital frequency 



detector as claimed in claim 24, 
vpindow phase lock indicator is 
|a value of the lock-indicator 
an out-of-lock condition when a 
low signal indicates that the 
&n over-flow state, and otherwise 
f the lock-indicator signal 
ock condition. 



detector as claimed in claim 27, 
wherein the fixed wirtdow phase lock indicator further 
comprises : 

a) a third digitall flip-flop circuit adapted to 
sample the over-flow signal at a timing of the 
reset signal; and| 

b) a logical-NOR gat^ adapted to assert a value of 
the . lock-indicatdlr signal corresponding to a 
value of one of \ the over- flow signal and an 
output of the third digital flip-flop circuit. 



29. A digital frequency defector as claimed in claim 11, 
wherein the data lock lindicator means is a sliding 
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window phase lock indicator adapted to generate the 

on a basis of a series of N 
the second beat signal. 



lock- indicator signal 
consecutive samples of 



A digital frequency dotector as claimed in claim 29, 



wherein the sliding v 
adapted to assert a 



r indow phase lock indicator is 
value of the lock-indicator 
signal indicative of kn out-of-lock condition if at 
least 2 out of N+l consecutive samples of the second 
beat signal are at a logical low value, and assert a 
value of the lock-indicator signal indicative of an 
in-lock condition if at least N consecutive samples 
of the second beat signal are at a logical high 
value . 

A digital frequency detector as claimed in claim 29, 



wherein the sliding 
indicator comprises : 

a) an input digital 
sample the second 
predetermined sampl 



b) 



an N-bit shift reg 
digital flip-flop c 



window data frequency lock 

flip-flop circuit adapted to 
beat signal at a timing of a 
period; 



ister connected to the input 
Lrcuit and adapted to store N 



c) 



d) 



consecutive samples lof the second beat signal; 

a first logic gate adapted to assert a high value 
of a first gate output signal when at least one 
of the N bits of Ithe shift register, and an 
output of the input qligital flip-flop circuit are 
at a low value; 

a second logic gatel adapted to assert a high 
value of a second gate output signal when all N 
bits of the shift register are at a high value; 
and 
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e) an output digital flip-flop circuit adapted to 
assert a value of [the lock-indicator signal based 
on the first and second gate output signals. 

A system for recovering a clock signal from a data 
signal , comprising : 

a) an oscillator adapted to generate an oscillator 
output signal; 

b) first detecting mekns for obtaining a course 
frequency-lock condition between the data signal 
and a recovered cIock signal; 



c) 



second detecting I means for obtaining a 
phase-locked condition between the data signal 
and the recovered clo :k signal ; 



d) 



lock-detecting means 
detecting means for 
condition between 



responsive to the first 
detecting an out-of-lock 
ib data signal and the 



e) 



recovered clock signall; and 

control means responsave to the lock-detecting 
means and adapted to Icontrol the oscillator to 
generate an oscillator loutput signal on the basis 



of 



the 



first detecting means during 



out-of-lock condition, 
the oscillator output s 
second detecting means 



an 



and otherwise to generate 
ignal on the basis of the 



33. A system as claimed in claim 32, wherein the second 
detecting means compri^s a. phase detector adapted to 
generate a phase lerfcefo: signal indicative of a 
detected phase dif feAeJice' between the data signal and 
the oscillator output\ signal . 
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A system as claimed in claim 32, wherein the first 

composes a digital frequency 
eq^r^te a frequency error signal 
indicative of a detefcted frequency difference between 
the data signal and tihe oscillator output signal. 



detecting means 
detector adapted to 



A system as claim 
lock-detecting means 
detector responsive t 



ed in claim 34, wherein the 
comprises a frequency lock 
> the digital frequency detector 



and adapted to generate a lock-indicator signal 



indicative of a frequ 
data signal and the os 



ancy-lock condition between the 
cillator output signal. 



A system as claimed ip claim 35, wherein the control 
means comprises : 

a) a state machine rbsponsive to the lock-indicator 
signal and adapted to generate a control signal; 
and 

b) selection means responsive to the control signal 
and adapted to selectively enable control of the 
oscillator by either the first or second detector 
means . 1 

A system as claimed in claim 34, wherein the digital 
frequency detector comprises 

a) first digital sample/ nje^n 
oscillator output s 
signal to generate 

b) second digital s 
quadrature clock s 
signal to generate 



s for sampling the 
a timing of the data 
a Mlrst beat signal; 



lgr ci^/^t 



^niple means for sampling a 
gnal at a timing of the data 
second beat signal; and 
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c) third digitaL /^ample means for sampling the 

> Lgfial at 



a timing of the first beat 



signal to generate a frequency error signal. 

A system as cladWed in claim 37, wherein a frequency 
of the quadrature clock signal is substantially 
identical to thap of the oscillator output signal, 
and a phase difference between the quadrature clock 
signal and the oscillator output signal is between 
about 4 5° and 13 5°\. 



39. A system as clai 
difference between 
the oscillator ou 



irtied in claim 38, wherein a phase 
the quadrature clock signal and 
tpJut signal is approximately 90°. 



40. A system as claimea in claim 37, wherein the first 
sample means comprises : 

a) a first pair! of digital latch circuits 
respectively adapted to sample the oscillator 
output signal on\ rising and falling edges of the 
data signal; arid 

b) a first multiplexer adapted to selectively switch 
between respective outputs of the first pair of 
digital latch circuits on transitions of the data 
signal . 



41. A system as claimed in \ claim 37, wherein the second 
sample means comprises: 

a) a second pair of digital latch circuits 
respectively adapted! to sample the quadrature 
clock signal on rising and falling edges of the 
data signal; and 
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43 



a second mult 
switch between 
pair of digital 
the data signal. 
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Lplexor adapted to selectively 
respective outputs of the second 
latch circuits on transitions of 



A system as claimed in claim 37, wherein the 
frequency error signal is a differential signal 
comprising a complementary pair of first and second 
error signals, a difference between values of the 
first and second error signals indicating a frequency 
difference between tpe recovered clock signal and the 
data signal. 



A system as claimed 
digital sample means 



a) 



a first digital 
sample the second 
the first beat s 



b) 



a second digita 
sample the second 
the first beat s 



c) 



in claim 42, wherein the third 
comprises : 



flip-flop circuit adapted to 

beat signal on rising edges of 
gnal ; 

flip-flop circuit adapted to 

beat signal on falling edges of 
jnal ; 



d) 



a first logic gate adapted to output the first 
error signal when! both the first beat signal and 
an output of the feirst digital flip-flop circuit 
are at a logical htLgh level; and 

a second logic gatle adapted to output the second 
error signal when Ithe first beat signal is at a 
logical low level 1 and an output of the second 
digital flip-flop {circuit is at a logical high 
level . 



44. A system as claimed in claim 43, wherein the third 
digital sample means Ifurther comprises a digital 
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delay circuit adapted to delay the first beat signal 

to the second beat signal by a 
>lay period, whereby a delayed first 

supplied to the first and second 

digital flip-flc^p circuits and the first and second 
logic gates 



with respect 
predetermined d^ 
beat signal is 



A system as 
predetermined de 
permit the second, 
inputs of the 
circuits . 



A system as 
predetermined deljay 
the oscillator ou 



laimed in claim 44, wherein the 
ay period is sufficiently long to 
beat signal to settle at respective 
irst and second digital flip-flop 



aimed in claim 45, wherein the 
period is less than a period of 
:put signal. 



system as c] 



aimed in claim 32, wherein the 



lock-detecting me4ns comprises: 

a) frequency counter means for quantitatively 
determining a I frequency difference between the 
oscillator outg>ut signal and the data signal, and 
generating al threshold indicator signal 
indicative of vsjhether the frequency difference is 
greater or lesjs than a predetermined threshold 
value; and 

b) a state machine ladapted to debounce the threshold 
indicator signa^ to generate the lock-indicator 
signal 



48. A system as claimed in claim 47, wherein the 
frequency counter means comprises: 
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a counter for Counting, during a predetermined 



b) 



sample period, a number of transitions of either 
one of the second beat signal and a third beat 
signal ; 

comparing means £or comparing the counted number 
of transitions tip a predetermined limit value, 
and for generating the threshold indicator signal 
indicative of a result of the comparison; 

the predetermined threshold value being defined 
by a function of the predetermined sample period and 
the predetermined lim^t value. 

*>. 

49. A system as claimed \n claim 48, wherein the third 
beat signal is generated by a third multiplexor 
adapted to alternately select respective outputs of 
each of the first and second digital flip-flop 
circuits at a timing o% transitions of the first beat 
signal . 

50. A system as claimed in claim 48, wherein the 
comparing means is adapted to generate a value of the 
threshold-indicator signal indicative of an in-lock 
condition when the counted number of transitions is 
less than the predetermined limit value, and is 
adapted to generate a value of the 
threshold-indicator signal indicative of an 
out-of-lock condition \yhen the counted number of 
transitions is equal I to or greater than the 
predetermined limit value. 



51. A system as claimed in qlaim 50, wherein the sample 
period can be adjusted. 
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A system as claimed in claim 48, wherein the 
frequency counter means comprises: 



a) 



a first digital edge detector circuit responsive 

pV 



to the fourth samp 
signal at a timing 
of the third beat s 



b) 



c) 



of the reset signal 



system as claimed 



comparing means comprises 



adapted to compare the 



e means to generate an enable 
corresponding to transitions 
ignal ; 



a second digital edge detector circuit adapted to 
generate a reset signal at a timing corresponding 
to transitions of a| sample clock; and 

a digital counter dircuit adapted to count pulses 
of the enable signal and to generate a pulse 
count signal indicative of the number of pulses 
counted between reception of consecutive pulses 



in claim 52, wherein the 



magnitude detector 



counted number of pulses to a 
predetermined threshold, and to generate the 
threshold-indicator signal indicative of whether the 

:ed during the predetermined 
sample period is greater, equal to or less than the 
predetermined limit value. 



54. A system as claimed \ in claim 53, wherein the 
comparing means further \comprises a latch adapted to 
sample the comparison ^ignal at a timing of the 
predetermined sample \period to generate the 
lock-indicator signal 



55. A system as claimed in claim 47, wherein the state 
machine comprises monitor means adapted to sample 
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successive values of the 



state machine being adapted to 
a) 



transition to a DVTL 
sampled values of 
indicative of an out- 
predetermined density 



b) 



lock-indicator signal, the 



state when a density of 
the lock-indicator signal 
:>f-lock condition exceeds a 
tolerance; and 



transition to a DVTHi state if a predetermined 
number of consecutive sampled values of the 
lock- indicator signafL are indicative of an 
in-lock condition . 



A system as claimed 
predetermined density tol 

A system as claimed 
predetermined number is 1 

A system as claimed in 
lock indicator means is 



in claim 55, wherein the 
srance is 50%. 

in claim 55, wherein the 



claim 35, wherein the data 
a fixed window phase lock 



indicator adapted to generate the lock-indicator 



signal on a basis of 
relation to the predete 
which the second beat s 
level . 



a proportion of time, in 
rmined sample period, for 
gnal is at a logical-low 



A system as claimed in claim 58, wherein the fixed 
window phase lock indicator comprises: 

a) means for generating al reset signal at a timing 
of the predetermined sample period; and 

b) an N-bit counter adapted to: 
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i) 



count bits 
while the 



logical-low level 



ii) generate e 
an over-fl 



of the oscillator output signal 
second beat signal is at a 



n over- flow signal indicative of 
ow state of the N-bit counter; and 



iii) reset a counted number of bits to zero upon 



receipt of 



the reset signal. 



A system as claimed 
for generating a 
frequency divider 



60. A system as claimedt in claim 59, wherein the means 

reset signal comprises a 2 M 
dapted to generate the reset 
signal by frequency-division of the oscillator output 
signal . 



61. A system as claimed in claim 60, wherein values of N 

i ... 

and M are selected tol provide desired noise-re] ection 
properties of the data lock indicator means. 

I 

62. A system as claimed in claim 59, wherein the fixed 
window phase lock indicator is adapted to assert a 
value of the lock-indicator signal indicative of an 
out-of-lock condition when a value of the over-flow 
signal indicates that \ the N-bit counter is in an 
over-flow state, and otherwise assert a value of the 
lock-indicator signal \ indicative of an in-lock 
condition . 



63. A system as claimed in Iclaim 62, wherein the fixed 
window phase lock indicator further comprises : 

a) a third digital flip-flop circuit adapted to 
sample the over-flow \signal at a timing of the 
reset signal; and 
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?ate adapted to assert a value of 



the lock-indicator signal corresponding to a 



value of one 
output of the 



of the over-flow signal and an 
hird digital flip-flop circuit. 



64. A system as claimed in claim 35, wherein the lock 
detecting means is a sliding window phase lock 
indicator adapted Jto generate the lock-indicator 
signal on a basis 1 of a series of N consecutive 
samples of the second beat signal. 

65. A system as claimed tin claim 64, wherein the sliding 
window phase lock indicator is adapted to assert a 
value of the lock-inpicator signal indicative of an 
out-of-lock condition if at least 2 out of N+l 
consecutive samples or the second beat signal are at 
a logical low value! and assert a value of the 
lock-indicator signal indicative of an in-lock 
condition if at leastl N consecutive samples of the 
second beat signal are! at a logical high value, 



66. A system as claimed in! claim 64, wherein the sliding 
window phase lock indicator comprises: 

a) an input digital fflip-flop circuit adapted to 
sample the second bleat signal at a timing of a 
predetermined sample! period; 

b) an N-bit shift register connected to the input 
digital flip-flop circuit and adapted to store N 
consecutive samples ot the second beat signal; 

c) a first logic gate adapted to assert a high value 
of a first gate output signal when at least' one 
of the N bits of tne shift register, and an 
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output of the inikut digital flip-flop circuit are 
at a low value; 



d) 



a second logic 
value of a secor 



gate adapted to assert a high 
d gate output signal when all N 
bits of the shifjt register are at a high value; 
and 

e) an output digital flip-flop circuit adapted to 



assert a value of 
on the first and k 

A method of recovering 
data signal, comprisir 



a) 



sampling the rece 
detector that ge 



the lock-indicator signal based 
econd gate output signals. 

a clock signal from a received 
g the steps of: 



b) 



c) 



Lved data signal using a phase 
erates a phase error signal 
indicative of a detected phase difference between 
the data signal an|d an oscillator output signal, 
and a digital frejquency detector that performs 
frequency lock on 1 data signal frequencies that 
fall outside of al pull-in range of the phase 
detector; and 

selecting an outpui of the phase detector when 
the detected frequency difference is small and 
otherwise selecting! the output of the digital 
frequency detector \ to generate the recovered 
clock signal; and 

using the selected lone of the outputs of the 
phase detector and tqe digital frequency detector 
to control an oscillator to generate the 
recovered clock signa] 
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68. A method as claimed o}n claim 67 wherein selecting an 

>e detector and the digital 
performed by a control unit. 



69 



70 



output of the pha 
frequency detector is 



A method as claimed 
frequency detector pe 

a) 



in claim 67 wherein the digital 
rforms the steps of: 



b) 



c) 



sampling an in-phase clock at a timing of a data 
signal to produce a first beat signal; 

sampling a quadrature clock signal at a timing of 
the data signal to produce a second beat signal; 

sampling the second beat signal at a timing of 
the first beat signal to produce two differential 
outputs . 



A method as claimed 
differential outputs d 
the derived clock sign, 



in claim 69 wherein the two 
termine whether a frequency of 
1 must be increased, decreased 
or remain unchanged to| match a data signal frequency 
of the received signal 



71. A method as claimed ifci claim 69 wherein the first 
beat signal and the secjond beat signal are used by a" 
data qualification jcircuit to quantitatively 
determine a frequency I difference between the data 
signal and the recovered clock signal. 



72. A method as claimed in I claim 71 wherein transitions 
of a state of the first! and second beat signals are 
monitored to quantitatively determine a frequency 
difference between the 4 ata signal and the recovered 
clock signal. 
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73 . A method as claimed in claim 67 wherein operations 
for recovering the clock signal begin in a reference 
tracking mode in whtLch the phase detector controls an 
oscillator to lock to a supplied reference clock, and 
when a frequency difference between the reference 
clock and the recovered clock frequency is less than 
a predetermined threshold, the recovered clock 
frequency relative tcb data frequency is monitored. 



74. A method as claimed in claim 73 wherein if a 
difference in the frequency match is smaller than a 
predetermined threshold, a transition is made to a 
data tracking mode in which the digital frequency 
detector controls a frequency of the recovered clock 
signal to reduce the 1 difference in frequency match 
between a frequency of] the recovered clock signal and 
a frequency of the data signal. 

75. A method as claimed in claim 74 wherein after the 
digital frequency deteqtor has controlled a frequency 
of the derived clock 1 signal to an extent that a 
difference between the frequency of the derived clock 
signal and the frequency- of the data signal is less 
than the predetermined! threshold, control of the 
derived clock signal |is returned to the phase 
detector . 



76. A method as claimed inj claim 67 wherein the data 
signal frequency is %nown and an appropriate 



reference clock is supp 
detector providing input 
circuit that outputs a s 



ied, the digital frequency 
to a data qualification 
gnal indicative of whether 



the data received is valid data. 
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A method as claimfed in claim 67 wherein clock 

led without a reference clock, 
of: 



recovery is perfonr 
comprising the steps 



a) data frequency acquisition is performed using the 



t 



digital frequen 
clock frequency 
is within a pull- 
detector; and 



b) 



control is switched 
the frequency of 



frequency of the cata signal 



A method as claimed i 
between the derived c 
is lost, control is 



detector and the recovered 
adjusted until the frequency 
frequency range of the phase 



to the phase detector to lock 
he derived clock signal to the 



n claim 77 wherein if the lock 
njock signal and the data signal 
gain returned to the digital 
frequency detector to 1 enable the digital frequency 
detector to re-adjust \ the frequency of the derived 
clock signal 



